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Abstract 
Ingredient and microstructure of  Ni-Al2O3 nanocomposition coatings fabricated by jet electrodeposition were 
measured by the scanning electron microscope(SEM) with energy dispersive analyzer system (EDX), the 
microhardness tests were conducted on an microhardness tester. The results shows that the Ni deposited layers have 
nanocrystalline microstructure with average size of 50 nm. Al2O3 particles are well dispersed in layer and the 
particles content is up to 12.2at %. The composite coating prepared is face-centered cubic structure and represented a 
(2 0 0) preferential orientation. Microhardness of the coating increase and corrosion resistance of the coatings first 
increase then decrease with increase of Al2O3. content in coatings. 
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1. Introduction   
During the jet electrodeposition process, the electrolyte  is jetted on a cathode surface directly because 
of the existence of electric field between the cathode and anode located in the jet nozzle, as the electric 
current travels along the jet stream to the cathode, the deposition takes place only on the local cathode 
surface area where the jet impinges on [1]. thus, jet electrodeposition possesses high depositing rate. In 
addition, the grain size refining effect of jet electrodeposition is more efficient since a much higher 
overpotential of cathodic substrate can be used with much higher current density. the articles[2,3] 
reported that the deposit layer have crystalline microstructure . 
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In this work, the characteristics of composite Al2O3 nanoparticles( average grain size 50 nm) with 
Nickel to fabricate nanocomposites were studied. The effect of the concentration of Al2O3 in the 
electrolyte and parameters such as current density, temperature, and electrolyte jet velocity on the amount 
of Al2O3 codeposited in the composites were evaluated. Microhardness of the Ni-Al2O3 nanocomposites 
was also investigated. 
2. Experimental Procedures 
A device was designed for the fabrication of composite coatings. The electrolyte was pumped from 
the vessel with invariable temperature electrolyte, and then reflowed to the vessel from the output of 
electrodepositing room via the bump of filter, and the flow meter. The electrolyte temperature  was 
measured by the heater and temperature transducer. the jet velocity was adjusted by control valve. A 
electrolyte was used to deposition on the flat stainless steel substrate under the following condition: 
electrolyte: NiSO4·5H2O (250 g/l); H2SO4 (60 g/l); H3BO4(40 g/L); concentration of Al2O3(50 nm): 10-40 
g/l; current densities: 200-500 A/dm2; jet velocity:  4-10 m/s; temperature: 20-40 ℃; pH: 4.0 
The composites ingredient and microstructure was measured by using a field emission scanning 
electron microscope  with energy dispersive analyzer system (EDX), SEM samples were vibrated by 
ultrasonic vibrator and washed in distilled water and alcohol. Vickers microhardness tests were conducted 
on an HXS-1000A microhardness tester using a load of 50 g, applied for 10 s. Each hardness value was 
an average of five measurements. 
The corrosion behaviour of composite coatings was evaluated by weight-loss method in a 4% HCl 
solution, which is given by Equation as V=ΔW/s.t, where V is the corrosion rate; ΔW is lose weight; s is 
exposed surface area in the corrosive liquid; t is the corrosion time. Specimens with a area of 30mm×20 
mm were prepared The mass of the change of the specimens was measured by a analytical balance with 
precision of  0.1mg. Before weighing, the specimens cleaned by ultrasonic cleaning machine. 
3. Analysis and Discussion 
The SEM surface morphologies of  nanocomposites is represented in Fig.1. It is showed that the 
increase of the at% Al2O3 codeposited lead to the generation of surfaces with more smooth and compact 
and microcrystalline structure. The reasonable explanation is a amount of nanoparticles suspend in 
electrolyte lead to the rise in the number of crystal nucleation , prevent the crystalline grain growth and 
fine the crystalline grain. 
Fig.1(e) shows a magnified view of  Fig.1(d). It is clearly seen that the grain size of the deposites is 
various from 50 nm to 60 nm evaluated by the staff in SEM graph. The so-called double nanostructured 
composite deposites is obtained which means that grain size of both the host metal nickel and second 
phase particles Al2O3 are less than 100nm. A related theory to describe this phenomena as following: jet 
deposition can provide higher density current in comparison with the conventional electrodepositon. The 
increase of the current density results in the increase of the cathode over-potential, leads to the increase of 
the crystalline nucleus formation probability. Hence , the increase of jet speed result s in the decrease of 
the grain size of deposition. 
It is clearly seen that a cluster of nano-Al2O3 aggregate distribute in the Fig.1(f). The nanostructure 
powder have a strong tendency to aggregation in the bath because of the very high surface energy and low 
primary size of the powder result in nanoparticles aggregate are easily embedded in the composites in 
spite of the electrolyte is sustained stirred before and during the depositing processing. Some experiments 
disclosed that the aggregation effect become more significant with the increase of the current density and 
concentrations of Al2O3. It is known that the depositing rate tend to increase at very high current density, 
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then the probability of the aggregate captured by Ni layer is also increased. On the other hand, many 
micro-cracks inner the composite generated as high cathode current density. the nanoparticles aggregate 
fall in the cracks and then deposited. Therefore, non-uniform distribution of nano-Al2O3 particles 
commonly found in particular near the crack. EDS analysis showed that the content of nano-Al2O3 
particles where the crack as high as 40 at%. 
In general the major challenges of the codeposition of nanoparticles seem to be the codeposition of a 
sufficient number of particles, and avoiding the agglomeration of particles suspended in the electrolyte. It 
is necessary to control the processing conditions. 
 
 
 
 
Fig. 1.  Microstructures of composites: (a) pure nickel; (b) 6.1% ; (c) 9.2% ; (d)12.2% (e)12.2% (high magnification) ; (f) aggregate  
The XRD patterns and preferential orientation of the several specimens indicate changes in texture of 
such coatings which are dependent on the Al2O3 content of the coatings ( Fig.2). It can be found that the 
crystal planes corresponding to each diffraction peak are (1 1 1), (2 0 0), (2 2 0) in turn. Both specimens 
are face-centered cubic structure and represent a (2 0 0) preferential orientation. With the increasing in the 
Al2O3 content of the composites, the orientation index of (1 1 1) decrease and that of (2 0 0) increase. A 
change in preferred orientation would lead to the difference between the coatings. It is possible that the 
disturbing of the particles affect the growth of crystallites which leads to the evolution of surface 
diffraction density and orientation and orientation.  
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Fig. 2.  X-ray patterns of composite 
Microhardness reflects the mechanical properties of composite coatings as an important indicator. 
Fig.3 shows the effect of Al2O3 content in the composite on hardness. The microhardness of pure nieckle , 
composite with 9.3 at% Al2O3, composite with 12.2 at% Al2O3 are about 8.9,12.1 and 10.1HV 
respectively. It is suggested that there is a significantly increase in microhadrness of composite with the 
rise in Al2O3 content in the composite. The higher the Al2O3 content is, the strengthen effect become more 
obvious. The higher microhardness values of the Ni-Al2O3 nanocomposite may be due to: ① Al2O3 
nanoparticles dispersed in coating, has played a role in dispersion-strengthened, so that coating 
dislocation, twin and a variety of defects greatly increased; ② the embodding of nanoparticles perturbs 
the crystal growth Ni, inducing a reducting in the crystal size, give deposites with increased values [4]. 
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Fig. 3.  Effect of  the at% of Al2O3 in the composite on microhardness 
According to the result of 48 hours of corrosion in a 4% HCl solution, average corrosion rate was 
calculated as shown in table 2. When the content is around 3.1 at %, nanoparticles shows no obvious 
dispersion effect, but corrosion resistance decreases, even worse than pure nickel. When the amount of 
Al2O3 rise to 12.2 at %, although corrosion resistance is better than pure nickel coating, nanoparticles 
agglomeration frequently take place, along with weak structure of composite coating and decreasing 
corrosion resistance. From analysis above, it can be concluded that appropriate amount of nanoparticles is 
crucial for improvement of coating anti-corrosion performance . 
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Tabel 2. Average corrosion rate of the different composite coatings 
Corrosion rate Al2O3 Content (at%) 
0 3.1 9.3 12.2 
g·m-2·h-1 1.72 1.90 0.70 0.92 
 
4. Conclusions 
The nanocomposite coatings with different Al2O3 content were prepared by jet electrodeposition and 
the telated composition and structure were investigated. 
The Al2O3 content in the composites first increase then decrease with the increase in the 
concentrations of Al2O3, current density as well as jet speed. The maximum at% of Al2O3 in the 
composite is high up to 12.2. the higher the Al2O3content is, the composite become more smooth and 
impact. the composite coating prepared in the work is face-centered cubic structure and represented a (2 0 
0) preferential orientation. Microhardness of the coating increase and corrosion resistance of the coatings 
first increase then decrease with increase of Al2O3. content in coatings. 
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